Abstract: Available methods for the manufacture of trans-1-chloro-3,3,3-trifluoropropen (1233zd (Е)) are analyzed, among them the formation of intermediate (1233zd (Е+Z)) isomeric blend, and the methods for cis→ trans isomerization are considered as well.
Introduction
1-Chloro-3,3,3-trifluoropropene is classified with hydrochlorofluorolefins. Currently in industry it is applied for solvent, foaming agent, refrigerant, or component of refrigerants or solvent compositions. It is also used for a monomer in the synthesis of polymers or other fluorinated materials.
The substance is a promising candidate for the substitution of 1,1,1,3,3-pentafluoropropane (HFС-245fa) that in spite of its favorable properties is not recommended for numerous applications because of considerably high global warming potential (GWР).
1-Chloro-3,3,3-trifluoropropene has similar technical properties, but very low ozone-depleting potential (ODР ~0) and low GWР (<5).
Product properties:
Chemical name 1-chloro-3,3,3-trifluoropropene (HCFO-1233zd or 1233zd); In most applications they use trans-isomer (1233zd (Е)) or blend of both isomers (1233zd (Е+Z)). The methods for the manufacture of individual isomers were developed for the applications where physical difference between those two isomers proved to be essential.
Below reviewed are the chief processes for the manufacture of trans-1-chloro-3,3,3-trifluoropropene (1233zd (Е)) including those with intermediate formation of (1233zd (Е+Z)) mixture, and the methods for cis-trans isomerization.
Methods for the manufacture of 1-chloro-3,3,3-trifluoropropene
For the production of trans-1-chloro-3,3,3-trifluoropropene (1233zd (Е)) they usually make use of liquid-phase or gas-phase reactions between anhydrous hydrogen fluoride and 1,1,1,3,3-pentachloropropane (CCl 3 CH 2 CHCl 2 ; HCС-240fa), 1,3,3,3-tetrachloropropene (CCl 3 CH=CHCl), 1,1,3,3-tetrachloropropene (CНCl 2 CH=CCl 2 ), or mixture thereof in the presence of a corresponding catalyst (see, e.g. [1] [2] [3] [4] [5] [6] [7] [8] ; ibid. the earlier references). In recent years non-catalytic liquid-phase processes for the manufacture of isomer 1233zd (Е) were being developed on the basis of HCС-240fa (see, e.g. [9] [10] [11] [12] ).
The mechanism of all above processes involves one-step reactions, e.g., that of 1,1,1,3,3-pentachloropropane (HCС-240fa) with anhydrous hydrogen fluoride in gas or in liquid, resulting mostly in the formation of trans-1-chloro-3,3,3-trifluoropropene (1233zd (Е)) and by-produced HCl. Preferably, the process conditions (temperature, pressure, contact time) are maintained so that to increase the (Е)/(Z)-isomer ratio, and to minimize interacting of anhydrous hydrogen fluoride with thus formed 1233zd (Е) that would result in HСFС-244fa. The latter may further react resulting in HFO-1234zе.
Following the above the «useful» reactions involve: The process is based on a catalyzed liquid-phase reaction of hydrogen fluoride with HCС-240fa or HCС-240fa plus 1,1,3,3-tetrachloropropene and/or 1,3,3,3-tetrachloropropene, and results in the production of target 1233zd (Е) and some by-products (HCl, 1233zd (Z), etc.) further separated with the help of corresponding scrubbing systems.
The liquid-phase process for 1233zd (Е) manufacture involves 6 main steps: 4 are also applicable, those being SnCl 4 , TaCl 
Catalyst preparation (TiCl 4 -based catalyst is preferable). Fluorination catalysts other than TiCl

Procedure 1:
Catalyst is fluorinated in a stirred reactor at 0-120°С. The degree of catalyst fluorination, partial or exhaustive, is estimated by the liberation of by-produced HCl that increases the reactor pressure.
Procedure 2:
Fluorination is conducted in a liquid-phase reactor equipped with a separation column for light fractions topping. It is preferable to use reactors made of materials resistant to corrosion action of hydrogen fluoride such as Hastelloy, Inconel, Monel, or fluoropolymer-coated vessels. The reactor must be provided with a stirrer, heat-exchange jacket and temperature-and pressure-controls.
With the help of an external heat-exchanger the separation column temperature is maintained 10-40°С below the average reactor temperature. Gaseous fluorination products passing the separation column contain the target 1233zd (Е+Z), by-produced HCl, low-boiling organic by-products, e.g., 1234zе (Е+Z), and considerable quantity of anhydrous hydrogen fluoride (in azeotropes). Thanks to the separation column most of hydrogen fluoride, original reagents, partially fluorinated products, dimeric products and fluorinated catalyst remain in the reactor. Usually the liquid-phase fluorination process is conducted under pressure 80-140psig (~5.5-10atm) at 85-120°С (preferably at 95-100°С, as this regime favors the maximal formation of 1233zd (Е) as compared to 1233zd (Z)).
Procedure 3:
Isolation of HCl is conducted in a low-temperature distillation column at temperature below minus 40°С. HCl passing the column top may be absorbed by deionised water resulting in concentrated HCl or used in some other chlorinated products manufacture.
Procedure 4:
After HCl separation crude product in the still of low-temperature separation column consists mainly of 1233zd (Е+Z) and НF (sometimes up to 30 mass.%). Separation of hydrogen fluoride from is usually either extracted from organic phase with sulfuric acid in a sulfuric-acid extractor or separated at a lowtemperature separator. After additional rectification НF is recycled into the reactor.
Procedure 5:
To remove hydrogen fluoride traces organic phase is then passed through an absorber filled with water or alkaline solution, and then through an adsorber charged with a drier (zeolite 3А, silicagel, aluminium oxide, etc.). The product finish purification is conducted in two (or more) distillation columns. This allows isolation of both 1233zd stereoisomers (1233zd (Е) Т boiling =21°С и 1233zd (Z) Т boiling~3 8°С).
Procedure 6:
When trans-isomer is the target product its yield may be increased through effective cis→trans isomerization of cis-isomer in a gas-phase reactor in the presence of a catalyst (preferably, fluorinated chromium oxide) at 50-350°С. Fluorination starts when the mixture is heated to 85°С. Then blend of chlorinated products with HF (at stoichiometric ratio) is being continuously fed through a heat-exchanger (pos.НХ-1) into the reactor (pos.R-1). The chlorinated product blend may also be fed into the reactor without heat-exchanger (pos.НХ-1). Work pressure 60-160psig (~4-11atm) or, preferably, 80-140psig (~5,5-10atm) is maintained with the help of a valve at the column top (pos.СS-1). Work temperature 85-120°С is controlled with the help of the heat-exchanger jacket. The separation column (pos.СS-1) provides recycling of catalyst particles, НF, partly fluorinated substances and non-reacted original reagents into the reactor for further processing. The layouts for 1233zd (Е) manufacture in Fig.3, 4 differ from those in Fig.1, 2 , correspondingly only by a phase separator provided for recycling hydrogen fluoride from 1233zd/НF blend.
Having this in mind the still flow consisting mainly of 1233zd (Е+Z)/НF blend is firstly directed from column (pos.D-1) (Fig.3) into heat-exchanger (pos.НХ-2) to be cooled to temperature below 0°С, and then into phase separator (pos.RS-1) where temperature ranges between minus 40°С and minus 5°С. НF-enriched upper layer (10% 1233zd) is recycled into liquid-phase reactor (pos.R-1). Organicenriched lower layer, containing mainly 1233zd (4% НF) is directed into scrubbing system (pos.А-1) via evaporator (pos.НХ-3).
Fig.1. Layout for continuous catalytic liquid-phase process for 1233zd (E) manufacture with sulfuric
acid-based variant of hydrogen fluoride isolation from HF/HCFO-1233zd mixture [3] . 
Catalytic gas-phase process for the manufacture of trans-1-chloro-3,3,3-trifluoropropene [2-5]
The process uses a catalytic gas-phase reaction between НF and НСС-240fa resulting in the formation of target 1233zd (Е) and by-produced (HCl, 1233zd (Z), etc.), which are separated with the help of scrubbing systems similar to those described above for 1233zd (Е) liquid-phase manufacture process.
The process for 1233zd (Е) gas-phase manufacture involves 5 main steps:
1. НСС-240fa continuous fluorination with anhydrous hydrogen fluoride, and simultaneous withdrawal from the reactor of mixture containing thus formed 1233zd (Е+Z), by-produced НCl, impurities, and, partially, hydrogen fluoride. 2. Isolation and purification of by-produced НCl. 3. Surplus hydrogen fluoride separation and recycling into the reactor. 4. Purification of target 1233zd (Е) and recycling of high-boiling fluorinated products into the reactor. 5. Isomerization of by-produced 1233zd (Z) to 1233zd (Е) in order to increase its yield.
Procedure 1:
Any gas-phase fluorination catalysts are generally applicable in the fluorination process. The available catalysts are based on chromium, aluminium, cobalt, manganese, nickel, or iron compounds, including oxides, hydroxides, halogenides, oxyhalides, inorganic salts, or blends thereof, supported or not. Gas-phase catalysts may also include some combinations of well-known catalysts, e.g., Fluorinated chromium oxide is the most widely applied catalyst.
For Cr 2 O 3 -based catalysts both crystal and amorphous chromium oxide is applicable. Amorphous form is easier available commercially, and hence, its usage is more preferable. The catalyst purity must be at least 98%. The catalyst amount must be sufficient for the realization of fluorination, but excessive quantity is also allowed. The catalyst performance depends also on its grain size.
Any type of gas-phase reactors is applicable for fluorination process. Preferable are the reactors made of materials resistant to corrosion effect of hydrogen fluoride and catalysts, among those are Hastelloy-С, Inconel, Monel, Incalloy or steel vessels coated with fluoropolymers.
In figures 5-8 various layouts for continuous gas-phase process of 1233zd (Е) manufacture are shown that differ from liquid-phase processes shown in figs 1-4 only by the fact that fluorination is conducted in a gas-phase reactor.
A gas-phase reactor (pos.10 Figure 5 ) is charged with catalyst (preferably, fluorinated chromium oxide). At 200-450°С (preferably 275-375°С) under pressure 0.15-7atm НF/НСС-240fa blend is continuously fed into the reactor via an evaporator (pos.1). Molar ratio НF: НСС-240fa is at least 3:1, but, preferably, between 5:1 and 11:1.
The flow leaving the reactor involves 1233zd (Е+Z), partly fluorinated by-products, НCl, and НF. Further procedures for 1233zd (Е) isolation and purification are similar to those described above for liquid-phase process.
